Mitoeffects of signaling on motor protein activity are unequal for anterograde and retrograde motors, both in the imchondria were motile and distributed throughout these axons, but they failed to accumulate in the region of the mediate region of and at a short distance from the focal signal. Taken together, these data show that both motor axon in contact with an NGF bead (Figure 3 ). These results indicate that an intact actin cytoskeleton is necactivity and docking of axonal mitochondria are regulated to produce their accumulation in regions of NGF essary for mitochondria to accumulate in response to focal NGF stimulation. We suggest that this is because stimulation and that some of the effects on motor activity are selective for direction. mitochondria dock with the actin cytoskeleton, although it remains possible that F-actin-based movements over These data suggest a specific regulation of motor protein activity. However, the retention or docking of short distances are required to deliver mitochondria into a region where they can then be retained via an unknown mitochondria in the immediate region of NGF stimulation might result from factors other than motor protein inhibimechanism, or that a subtle accumulation of F-actin in response to NGF impedes traffic in a mitochondriontion such as local steric obstruction of organelle movement by regulated changes in MAP conformation or specific fashion. To examine whether MTs are also necessary for the mitochondrial docking, we treated estababundance [11, 12] or such as the activation of docking proteins. We think the former possibility unlikely, belished cultures with vinblastine to depolymerize MTs. Although bidirectional mitochondrial movement contincause only mitochondria halt in this region (Figure 1) . Because, in addition to these, docking proteins for mitochondria remain to be identified, the range of possible targets of regulation on the mitochondrion for now remains broad.
) accumuchondria near a focus of NGF stimulation is due to lated there. This is consistent with live-phase contrast increased movement into bead regions followed by observations that other axonal organelles moved contininhibition of movement out of these regions and that uously through a region of axon-NGF bead contact withanterograde and retrograde movement are differenout stopping [3] . Thus, the traffic of organelles of the tially affected. In axons made devoid of F-actin by biosynthetic and degradative pathways is not discernlatrunculin B treatment, bidirectional transport of mitoibly affected by focal NGF stimulation. chondria continues, but they can no longer accumulate
The observed effect of NGF on the axonal distribution in the region of NGF stimulation. These results indicate of mitochondria could result from at least two kinds of that intracellular signaling can specifically regulate miregulation of their movement. Mitochondria could accutochondrial transport in neurons, and they suggest mulate in the region of an NGF bead as a result of that axonal mitochondria can respond to signals by the stimulation of their motor activity in nearby regions locally altering their transport behavior and by undercausing an increase in mitochondrial entry into the regoing docking interactions with the actin cytogion of NGF stimulation, or they could accumulate as a skeleton.
result of inhibition of their motility in the immediate region of the bead, or both effects could occur. To differenResults and Discussion tiate among these possibilities, we followed and quantified mitochondrial movements in a 100 m-long region In the long axonal processes of nerve cells, mitochonof the axon centered on a point of axon-bead contact dria are thought to be transported to regions where their and then compared the data for NGF beads versus heatfunctions are critical for cell survival [1] . In particular, denatured control beads. tered and how frequently they exited the 10 m region 16], persistent long-range movements are dependent on MTs and MT-based motor proteins [17] , whereas adjacent to a bead and in which direction they entered and exited the region (Table 1) . NGF-bead-stimulated F-actin-based transport has been proposed to serve mainly as a local distribution system [15, 18] . Instead, axons showed two further significant differences from controls in the patterns of mitochondrial motility near or in addition, we suggest that F-actin supports the more static cytoskeleton interactions that underlie the the bead. [24, 25] , and it is noteworthy that at least some receptors for motor proteins are themselves kinase-scaffolding proteins with an intimate connection to the cell signaling pathways [26] . It is also worth noting that a protein has been identified that is neither a motor protein nor a receptor but that nonetheless regulates the motility of bidirectionally-transported organelles [27] . Because, in addition to these, docking proteins for mitochondria remain to be identified, the range of possible targets of regulation on the mitochondrion for now remains broad. 
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